INTRODUCTION

1
Browning is one of the major problems in the food industry and can cause 2 deleterious changes in the organoleptic properties of foods, resulting in shorter 3 shelf life and quality, and therefore a decrease in commercial value (1) . Black spots 4 or melanosis in crustaceans is a natural postmortem mechanism that involve the 5 action of an enzymatic complex, polyphenoloxidase (PPO), which in the presence 6 of oxygen form compounds which can polymerise into insoluble pigments (2) . antimelanotic products contain citric acid, ascorbic acid and/or EDTA (5).
23
In chilled crustacean the intensity of melanotic reaction, the point of beginning and 24 the rate of spread differ among species, being deepwater pink shrimp 25 (Parapenaeus longirostris) one of most susceptible. In addition, depending on the 26 season, the melanosis is higher coinciding with moulting cycle (6; 7). For that 27 reason, higher concentration of sulphites is often required for an effective 28 prevention of melanosis. This will increase the total content of additive in edible 29 part, exceeding the limits established by the legislative authorities.
31
It is well known that sulphites produce certain adverse reactions in some groups of 1 population, mainly asthmatic (8; 9). In fact, metabisulphite is considered as a However, the dependency of residual sulphite levels may not be only on the size 8 but also on harvest, treatment conditions, handling and processing of the products.
9
In this sense, only scarce information is available on the level of residues 10 generated as a consequence of different sulphite based treatments in this and 11 other species. There is one study where a number of commercial products 12 containing sodium metabisulphite, applied by different times of immersion and 13 concentrations, were analysed (11).
15
The aim of this work is to determine the effectiveness of different sulphite based 
MATERIAL AND METHODS
23
Harvesting and treatment of shrimps The dust treatments were performed also on board, using three different 8 commercial products (CP) which were spread in the form of dry powder on the 9 surface of shrimp, followed by a slight manual mixing. Then they were placed in ) added in a concentration of around 60 g kg -1
13
(60 g per kg shrimps, w/w), which is normally used by the fishermen. Commercial ). CP2 and CP3 were added in a 17 concentration of 40 g kg -1 (40 g per kg shrimps, w/w), which was the one 18 recommended by the manufacturers. All the treatments (immersion and dust) were 19 carried out in duplicate at the same time, using different boxes.
20
Once the boat arrived at harbour, all the boxes were sent in isothermal transport to 21 the Instituto del Frío in Madrid, where they were kept in iced storage at 2ºC.
22
After one day of storage at the Institute, an extra dose of additives, similar to the 23 first one, was added to part of the dust-treated lots (double treatment). given that usually the process is done largely by hand, and require more time. of sodium metabisulphite, however after 7 days the shrimps 14 showed noticeable melanosis on most of them. EDTA + 30 g kg -1 PPi, w/w). Melanosis was 13 efficiently retarded when, in addition to sulphites, chelating agents or citric acid 14 were added, especially the latter. In fact, when citric acid was included melanosis 15 was almost absent after 9 days. it is difficult to control the time of application, since the dry powder is not removed.
28
In many occasions along the distribution channel, when a unique dose is not ) and chelants (EDTA 0.45 g kg -1 + PPi 30 g kg -1 ), is 17 shown in Figure 6a . In shrimps treated with 25 g kg -1 , the initial levels of sulphites 18 were around 0.15 g kg -1 , whereas 50 g kg -1 led to more than 0.2 g kg On the other hand, when the treatments were applied by dust (commercial 27 products), the evolution of residues with storage time was the opposite, i.e. they 28 tended to increase (Fig. 6b) . In this case it is possible that the ice covering the 29 shrimps, when melting, favoured the way inside the muscle of the sulphites present 30 in the carapace. However, the results showed a high standard deviation as a 31 consequence of the heterogeneity in the spread of dust. Thus, some shrimps could 1 accumulate a great amount of additive, whereas others remained practically free.
2
The amount of residual sulphite varied considerably from one commercial product 3 used to another, and was in consonance with the melanosis development. The 4 treatment with CP3 led to a residual level lower than 100 ppm, but was less 5 effective for melanosis prevention. On the contrary, CP2, which inhibited more 6 efficiently blackspot formation, produced a residual level exceeding the upper limit 7 of 0.3 g kg -1 in edible part (EU Directive). As expected, when a subsequent dose was applied the residual content 10 increased drastically (Fig. 7) . The three commercial products, including CP3,
11
exceeded the limits permitted in the EU Directive, reaching values in some cases 12 close to 1.6 g kg -1 , which represents more than five times the mentioned limit. In 13 terms of melanosis prevention, these treatments were the most effective, since all 14 the shrimps were absolutely free of blackspot for more than one week. After 7 days 15 of storage, the residual content of sulphite decreased in the case of CP1 and CP2, 16 however residues remained still very high. (Fig. 8) . It can be observed that the residual levels increased 21 exponentially with the concentration of sulphites applied. , led to moderate melanosis after where melanosis may appear with more intensity than in springtime. José Naranjo, for cooperation in carrying out this study. , (c) 25 g kg -1 , (d) 37.5 g kg -1 , (e) 50 g kg concentration, and at 50 g kg -1 in combination with citric acid and chelants, and (b) 17 dust with commercial products.
18
A= citric acid; Q= chelants; CP1=Melacide; CP2=Freskor; CP3=Melaplus.
19
Error bars represent standard deviation.
20
Different letters (a, b, c...) indicate significant differences (P0.05). 
